Using Moericke's yellow dishes we studied the Hymenoptera (Aculeata) fauna (with the exception of Formicoidea) in spruce (Picea abies) stands of the colder region of Northern Bohemia. We collected 103 species and the most important species in this spectrum were Vespula vulgaris (56.4%), Vespula rufa (4.7%), Dolichovespula norvegica (3.1%), Dolichovespula saxonica (4%), Nysson spinosus (1.8%), Andrena lappona (1.9%), Cleptes semiauratus (5.9%), Halictus sp. (6.7%) and Trypoxylon minus (2.2%). Comparisons made in 1990-1994 and 1995-1999 indicated a recession of species of the genus Halictus, of Andrena nitida (Apidae), Pemphredon lugubris, Trypoxylon clavicerum and T. minus (Sphecidae), and an increased abundance of Cleptes semiauratus (Cleptidae), Nysson spinosus (Sphecidae), Vespula vulgaris and V. rufa (Vespidae). Compared to closed stands, open spruce stands had a greater species diversity and lower number of captured specimens. 1 Mendelova zemědělská a lesnická univerzita, Lesnická a dřevařská fakulta, Brno, Česká republika 2 Gymnázium Litvínov, Litvínov, Česká republika ABSTRAKT: Fauna Hymenoptera (Aculeata) (s výjimkou Formicoidea) byla studována v chladnější oblasti severních Čech v porostech smrku Picea abies metodou Moerickeho žlutých misek. Ve spektru 103 druhů měly nejvýznamnější postavení Vespula vulgaris (56,4 %), Vespula rufa (4,7 %), Dolichovespula norvegica (3,1 %), Dolichovespula saxonica (4 %), Nysson spinosus (1,8 %), Andrena lappona (1,9 %), Cleptes semiauratus (5,9 %), Halictus sp. (6,7 %), Trypoxylon minus (2,2 %). Ze srovnání výskytu v letech 1990-1994 a 1995-1999 vyplývá ústup zástupců rodů Halictus, Andrena nitida (Apidae), Pemphredon
Closed spruce monocultures are faunistically very poor ecosystems. Due to reduced light conditions there is no herb layer to provide an adequate feed supply for the imagoes of hymenopterous insects. The abundance of sucking insects (aphids, scale insects) producing honeydew (HOLO-PAINEN et al. 1991) , which is a sought-after feed source of some hymenopterans, is much higher in spruce stands of air-pollution regions. Spruce stands exposed to air-pollution are prone to premature shedding of needles, which leads to the opening of stands and to weed infestation. Information about the fauna of spruce stands in air-pollution regions of Northern Bohemia where the arachnoentomofauna of birch (Betula pendula Roth) stands that are substitute forest communities after the decline of spruce stands, was investigated for a long time can help to deduce changes that occurred after the large-area decline of spruce stands in the Ore Mts. and the Děčín Sandstone Uplands. The species spectrum of syrphid flies collected in Moericke's yellow traps was different in birch and spruce stands (127 and 117 species, respectively); the dominant species in both forest types were Melangyna quadrimaculata (VERR.) and Episyrphus balteatus DEG.; Eristalis tenax L. was dominant in birch stands and Meliscaeva cinctela (ZETT.) in spruce stands (KULA 1997; KULA, SCHOLZ 1995; KULA, LÁSKA 1997) .
The hymenopterans of Bohemia consist of 838 species (PÁDR 1989 ) that are very important not only as pollinators but also particularly as components of the spectrum of natural enemies of forest pests and regulators of the equilibrium in forest ecosystems. Spider wasps (Pompilidae), digger wasps (Sphecidae), eumenid wasps (Eumenidae) and wasps (Vespidae) are predators, chrysidids (Chrysididae), Cleptidae, Bethylidae are parasitoids that frequently escape attention although they are important. KULA and TYRNER (2000) discovered 159 species in birch stands.
A majority of the authors focused their research activities on warmer localities of Bohemia that have a richer and more interesting fauna (BALTHASAR 1954 (BALTHASAR , 1972 KO-COUREK 1966) , in contrast to localities where the climate is colder and more humid (TYRNER 1988 (TYRNER , 1995 .
The objective of the present study is to report on the Aculeata fauna in spruce stands and to explain their importance. 
MATERIAL AND METHODS
The hymenopterous (Hymenoptera, Aculeata) fauna was collected in Norway spruce [Picea abies (L.) KARST.] stands of the Děčín Sandstone Uplands, Sněžník forest district, using the method of Moericke's yellow dishes (diameter 23 cm, depth 8 cm). The yellow dishes were placed inside the stand in two parallel rows, 50 m apart, alternatively one trap situated low (0.3 m) and one high (1.3 m) above the ground. The medium was 1% formaldehyde, which prevented algae to appear and which reduced the attractiveness of trapped invertebrates for birds, and a wetting agent. The low-placed and high-placed dishes were controlled separately in 7-day intervals from 15 April to 15 October 1990 15 October -1999 P. Tyrner carried out determinations of the collected material; J. Straka determined some species of the family Pompilidae, and for this we render our sincere thanks. The material was preserved in 70% ethanol and is stored in the depositaries of the Faculty of Forestry and Wood Technology at Mendel University of Agriculture and Forestry in Brno, the prepared specimens (300 ex) are stored in P. Tyrner's collection (Litvínov) .
A greater part of Sněžník forest district (14°04´E, 50°46´N), a part of the Děčín Sandstone Uplands that is adjacent to the eastern part of the Krušné hory Mts. (Ore Mts., Northern Bohemia), is situated on an upland plateau at an altitude of 450-700 m, mountainous climate, annual temperatures 6-7°C, annual sum of precipitation 700 to 800 mm, vegetation period 110-120 days (with average daily temperatures over 15°C). The area was affected by air-pollution for a long time. One of the main pollutants was SO 2 (annual concentrations exceeded 60 µg/m 3 in 1969-1987) (TŮMA 1988). In 1990-1999 the level of SO 2 continuously decreased until 1998 when it dropped to 10-20 µg/m 3 on 60% of the area of the Ore Mts. (HADAŠ 2000) .
Out investigations were carried out in three spruce stands (60-100 years) (Letadlo B, Krmelec, Malý dub). The spruce stands are in different classes of air pollution hazard (B), long-term SO 2 load above 60 µg/m 3 , good ecological conditions, spruce longevity 20-40 years; class of air pollution hazard (C), load lower than 60 µg/m 3 per year, spruce longevity 40-60 years; pollution-based damage, tree density, related light conditions and degree of weed infestation.
Malý Dub locality -SW slope (7°), altitude 400-450 m, terrain with boulders (10-20%), zone of air-pollution damage C. Closed spruce monoculture since 1910, herb undergrowth consisting of Avenella flexuosa (L.) PIRL. and Pteridium aquilinum (L.) KUHN, coverage 20%.
Letadlo B locality -southern slope (7°), altitude 450-500 m, terrain with boulders (15-25%), zone of air-pollution damage B. Mixed open stand of spruce (80%), pine (10%) and larch (10%) planted in 1895. Herb cover of 75%, a dominant species is A. flexuosa, and also Calamagrostis villosa (CHAIX) GMEL. and Vaccinium myrtillus L.
Krmelec locality -southern slope (4°), altitude 460-470 m, terrain with boulders (10%), zone of air-pol-lution damage B. Open spruce monoculture established in 1930, severely damaged by air-pollution. Herb cover consisting of A. flexuosa, C. villosa and V. myrtillus L., 60% coverage.
RESULTS

The fauna of spruce stands
The fauna in spruce stands is considerably poorer (103 species) than in birch stands (159 species). Vespula vulgaris (56.4%) is a eudominant species and Cleptes semiauratus (5.9%) and bees of the genus Halictus (6.6%) are dominant species.
The species Trypoxylon minus (2.2%), Vespula rufa (4.7%), Dolichovespula norvegica (3.1%) and Dolichovespula saxonica (3.9%) ranked among the sub-dominant species. Four species were receding species (Tables 1 and 2).
In Malý dub locality, characterised as a closed spruce stand, we captured only 44 species (2,984 ex), while in the open stands damaged by air pollution in Letadlo B and Krmelec localities the fauna was more abundant (75 and 79 species, respectively) and the overall number of captured specimens was lower (2,347 and 2,360, respectively).
The fauna diversity in the investigated spruce stands did not change markedly in the periods 1990 -1994 -1999 , Letadlo B (58 × 59) and Krmelec (54 × 60). The similarity of the fauna determined by Jaccard's index indicated that the fauna of the closed spruce stand was the least stable (Malý dub -0.508) while the open stands of Letadlo and Krmelec localities were more stable (0.701 and 0.614, respectively).
The bees Andrena lapponica, A. nitida, the genus Halictus, Cleptes semiauratus and digger wasps (Sphecidae) in general definitely preferred open and light stands to closed stands with no herb undergrowth where particularly the wasp Vespula vulgaris appeared. Dolichovespula norvegica did not exhibit a higher dependence on the light conditions of investigated stands ( Table 2) .
The abundance of Vespula vulgaris culminated in 1993 (74%), 1995 (70.6%) and 1998 (77.6%) and only in 1997 it was classified as a dominant (5.3%) and in 1999 as a subdominant species (4.8%).
In 1990-1995 Cleptes semiauratus occurred sporadically (0.2-0.3%). It culminated in 1996 (18.6%), 1997 (48%), and in 1999 it was still classified as a eudominant species (11.2%).
Halictus sp. were highly dominant in 1992 (24.4%). Dolichovespula norvegica was very important in 1994 (6.9%) and from 1995 (1.7%) its dominance gradually increased until 1999 (5.9%). Dolichovespula saxonica culminated in 1994 (10.8%) and its high abundance was repeated in 1996 (7.1%). In the 10-year series the species Nysson spinosus gradually increased; after reaching a dominant status in 1997 (5%), it was classified as a eudominant species in 1999 (11.2%). At the beginning 1990-1994 1995-1999 1990-1994 1995-1999 1990-1994 1995-1999 1990-1999 Species 1990-1994 1995-1999 1990-1994 1995-1999 1990-1994 1995-1999 1990-1999 Species 1990-1994 1995-1999 1990-1994 1995-1999 1990-1994 1995-1999 1990-1999 Species 1994-1995 (7-8.1%), in 1996-1999 the level of dominance was balanced (4.7-4.3%).
Anoplius tenuicornis, Passaloecus brevilabris, Pemphredon inornata were among the species that receded during the 10-year period due to the changing conditions of the site, and the species Cleptes semiauratus and Omalus aeneus entered the spruce ecosystems.
Similarity of the fauna of birch and spruce stands in the localities
The six localities that were investigated using the method of Moericke's traps differed considerably in the number of trapped specimens; more specimens were captured in birch (Letadlo A -145, Tisá -90, Vlčák -68) (KULA, TYRNER 2000) than in spruce stands .
It was evident from Jaccard's index that the species spectra of the localities Tisá (birch) and Malý dub (spruce) were very much alike (66.7). Both stands can be classified as shaded, closed, with poorer light conditions and reduced supply of feed for the imagoes of predatory and parasitic Aculeata species.
A high level of similarity (53.2) was characteristic of the birch (Vlčák) and spruce (Letadlo B) stands. The spruce stand is partly open and there are gaps in the birch stand.
The similarity of most localities ranged between 39 and 47. The level of similarity was lowest (i.e. 31.4) between Vlčák (birch) and Malý dub (spruce) localities, and between Letadlo A (birch) and Malý Dub (spruce), i.e. 21.8. A generally poor species spectrum is characteristic of Malý Dub locality while the highest species diversity was discovered in Letadlo A locality. The fauna diversity of the localities Vlčák and Malý dub did not differ markedly, but the species spectrum was differentiated (Table 3 ).
In the spruce stand of Malý dub the spectrum of Aculeata specimens was the poorest (44); 33 species (1,853 ex) flew into the traps placed low above the ground and only 25 species (1,131 ex) into traps placed higher.
Vespula vulgaris made up 77.3% of the Aculeata spectrum and proves the strong fixation of this species to spruce stands, as a rule for the honeydew-producing aphids. Cleptes semiauratus (3.35%) is a sub-dominant species that culminated in 1996-1997. The culmination deviations of the wasps Dolichovespula norvegica (4.56%), D. saxonica (3.62%) and Vespula rufa (4.62%) were less marked (Table 2) .
Wasps affected the overall increased abundance of Aculeata (1993, 1995, 1998) . Cleptes semiauratus (1.2%) did not appear until 1996-1999. Trypoxylon clavicerum disappeared from the stand after 1994. Pemphredon lugubris and Andrena lapponica appeared only at the outset of the studied period.
Letadlo B spruce stand -the abundance is 75 species of Apocrita; 65 species were captured in traps placed near the ground (1,249 ex) and 49 species (1,098 ex) in traps placed higher.
A major part of the specimens was the eudominant species Vespula vulgaris (44.61%), accompanied by members of the genus Halictus (9.2%), Cleptes semiauratus (6.0%), Trypoxylon minus (3.2%) and Andrena lapponica (3.75%), wasps Dolichovespula norvegica (2.0%), D. saxonica (5.37%), Vespula rufa (5.02%) and digger wasps Nysson spinosus (1.66%) and Trypoxylon clavicerum (2.1%) ( Table 2 ).
An overall increasing tendency in the numbers of trapped specimens until 1993 was characteristic of the studied period. The following culmination period (1997, 1998) reached the level of 1993. The culmination of V. vulgaris was very marked (1993, 1995, 1997) . The abundance of wasps Dolichovespula norvegica and D. saxonica, and the bee Andrena lapponica was balanced in spite of an increase in 1994 while the abundance of Trypoxylon minus was higher in 1990-1994. The abundance of Cleptes semiauratus was not very high until 1996 while the abundance of the species Trypoxylon minus, T. clavicerum and Crossocerus barbipes was higher in the first half of the studied period.
Krmelec locality -the spruce stand with the same spectrum of Aculeata fauna (79 species) as Letadlo B locality; 62 species were captured in the low traps (145 ex) and 53 species (907 ex) in the higher traps.
The Aculeata fauna consisted of two eudominant species -Vespula vulgaris (41.73%) and Halictus sp. (11.1%), dominant Cleptes semiauratus (9.7%) and seven sub-dominant species Trypoxylon minus (3.9%) and Nysson spinosus (4.2%), Dolichovespula norvegica (2.2%), D. saxonica (3.0%), Vespula rufa (4.4%) and Andrena lapponica (2.4%).
V. vulgaris culminated twice, i.e. in 1993 and 1998. In 1997 there was a mass incidence of Cleptes semiauratus, which was trapped only in the second half of the studied period. Nysson spinosus and Priocnemis exaltata appeared in parallel while Pemphredon inornata and P. lugubris appeared in the first half of the 1990s.
DISCUSSION
Altogether 103 species of Hymenoptera (Aculeata) were discovered in spruce stands, less than in birch stands where 159 species were collected using the same method (KULA, TYRNER 2000), representing 12.3% of the total number of 838 species occurring in Bohemia and quoted by PÁDR (1989). Euro-Siberian and Central European species not very particular in terms of temperature were absolutely prevalent, similarly like the sub-montane and mountain species. The families Sphecidae and Apidae, in particular, were very dependent on solar radiation. Comparisons of stands opened due to air-pollution damage with closed stands showed that the number of species was higher in the former type. The significant abundance of species of the family Vespidae in spruce stands can be attributed to their feeding fixation to the high numbers of aphids and scale insects (especially in the air-polluted stands) producing honeydew (HOLOPAINEN et al. 1999) . Vespula vulgaris, in particular, is a eurytopic species which is also dominant in other types of forest biotopes (SKIBIŃSKA 1989) . The high abundance of bees Andrena lapponica is due to the incidence of the main nutrient plant (Vaccinium myrtillus -KOCOUREK 1966) and Andrena nitida is a widely distributed polyectic species with no clear-cut preferences in terms of temperature. The highest abundance of the Aculeata in Letadlo B locality can be attributed to the favourable southern exposure (Letadlo B), highest degree of undergrowth coverage and lower density of the crown canopy. The high dominance of species of the genus Halictus in 1992 (24.4%) is associated with field formation using a bulldozer and denudation of the mineral substrate where the species have their nests. In the conditions of spruce forest the species Cleptes semiauratus parasitises in the cocoons of the sawfly Pachynematus scutellatus (Htg.) which the females hunt on the ground (MARTINEK 1951) . This parasitoid considerably reduces the abundance of sawflies that damage spruce trees, and the population peaks of Cleptes semiauratus are a response to the increased abundance of its host. The average increasing density of the crown canopy in the succession of spruce stands, and hence decreased solar radiation can explain the reduction of the dominance of digger wasps Pemphredon lugubris, Trypoxylon clavicerum and T. minus. We cannot explain the high abundance of Nysson spinosus because the potential hosts (Gorytes sp.) were either not represented at all or their abundance was very low (Argogorytes mystaceus).
CONCLUSION
The Aculeata (Hymenoptera) fauna in spruce stands (Picea abies) consisted of 103 species that belong to 8 families, the most important of which is Vespula vulgaris (56.4%), Vespula rufa (4.7%), Dolichovespula norvegica (3.1%), Dolichovespula saxonica (4%), Nysson spinosus (1.8%), Andrena lapponica (1.9%), Cleptes semiauratus (5.9%), Halictus sp. (6.7%) and Trypoxylon minus (2.2%). The development of the Aculeata community was characterised by the withdrawal of representatives of the genus Halictus, Andrena nitida (Apidae), Pemphredon lugubris, Trypoxylon clavicerum and T. minus (Sphecidae), and increase of Cleptes semiauratus (Cleptidae), Nysson spinosus (Sphecidae), Vespula vulgaris and V. rufa (Vespidae). The opened spruce stands had a higher species diversity, but a lower number of trapped specimens at the same time.
